, the clear intensity oscillations indicate a layer-by-layer growth of BTO thin film on NbSTO substrate.
. Supplementary Fig. 2d and 2e show PFM phase images 3 recorded on the Pt top electrode after applying a +6.0 and a -6.0 V pulse, respectively.
In these images, yellow and purple areas with a 180 0 phase contrast represent downward and upward domains. As shown, the effective polarization in the 4 u.c.-thick BTO barrier under the Pt electrode is switched antiparallel. The junction conduction is measured using the same conductive tip with DC bias. As shown in Supplementary Fig. 2f , the device is in the ON state with a larger current when the effective polarization is pointing to the NbSTO substrate. After the polarization is switched, the junction current is suppressed associated with the appearance of a typical rectifying character, indicating that the device is switched to the OFF state with an enhanced Schottky barrier. These results directly correlate the TER characteristics of the Pt/BTO/NbSTO device with the polarization reversal of the BTO barrier. In these measurements, the Pt electrode is only ~5 nm in thickness and a conductive diamond-coated tip is used for both the PFM and the I-V measurements.
The conductive AFM mode in our facility has a current compliance at 20 nA. Fig. 2b ). The imprint decreases with increasing BTO thickness due to the suppressed depletion region. As shown in Supplementary Fig. 3 , the R-V hysteresis loop becomes symmetric and coercive 
Supplementary Note 5.
As shown in Supplementary Fig. 5a and 5b, the ON and the tunnelling. [4, 5] The thermally-assisted tunnelling current can be described by [4] [5] [6] [7] [8] Supplementary Fig. 6b . It is clear that the TER performance is drastically reduced and the ON/OFF ratio, read at 0.6 V, is only ~10, in contrast to that (~6.0×10 6 ) in its Pt/BTO/NbSTO counterpart. The small ON/OFF ratio is a result of large OFF state current. Because the Schottky barrier is significantly suppressed due to the low work function of Al, the OFF state transport cannot be shut off even though the BTO polarization is pointing away from NbSTO.
